Everything should be made as simple as possible, but not simpler. -Albert Einstein's comment on Occam's Razor The goal of molecular medicine is to find treatments for human diseases by the clever and effective application of the tools of molecular and cell biology. To do this, an animal model (or a set of animal models) of the disease is devised, investigated, and characterized. Novel therapies are conceived and tested on the animal model(s) until a rescue from the pathology is achieved. The rescue strategy is then developed for human trial. Cellular cybernetics In the spirit of the recent elucidation of the human genome and the current scientific epoch of bioinformatics, a brute-force therapeutic strategy would theoretically be a perfect remedy for any disease. The essential idea is both comprehensive and unsubtle; the strategy only requires that the therapy fix what was broken. While that sounds simple and possible in this era of rapidly advancing medicine, proteomics, genomics, and targeted pharmacology, it is not. The problem is that the level of complexity of most diseases is great (see Figure 1 ) and our present knowledge of physiology and pathology is inadequate to undertake such comprehensive repair. Indeed, even nominally simple diseases appear to rapidly develop complexities beyond our current grasp. In the absence of such complete knowledge, current endeavors in molecular medicine […] Commentary Find the latest version:
treat the thousands of patients with type 1 diabetes. The use of bone marrow as a source of pancreatic β cell progenitors has the potential for ex vivo expansion, differentiation, and autologous transplantation. Thus, immunosuppression to prevent rejection could be avoided. Identifying the subpopulation in the bone marrow that gives rise to functional insulin-secreting cells, the mechanism of islet engraftment, as well as the environmental signals that trigger differentiation will be essential for exploiting these cells for the treatment of type 1 and possibly some forms of type 2 diabetes. Everything should be made as simple as possible, but not simpler.
The goal of molecular medicine is to find treatments for human diseases by the clever and effective application of the tools of molecular and cell biology. To do this, an animal model (or a set of animal models) of the disease is devised, investigated, and characterized. Novel therapies are conceived and tested on the animal model(s) until a rescue from the pathology is achieved. The rescue strategy is then developed for human trial.
Cellular cybernetics
In the spirit of the recent elucidation of the human genome and the current scientific epoch of bioinformatics, a brute-force therapeutic strategy would theoretically be a perfect remedy for any disease. The essential idea is both comprehensive and unsubtle; the strategy only requires that the therapy fix what was broken. While that sounds simple and possible in this era of rapidly advancing medicine, proteomics, genomics, and targeted pharmacology, it is not. The problem is that the level of complexity of most diseases is great (see Figure  1 ) and our present knowledge of physiology and pathology is inadequate to undertake such comprehensive repair. Indeed, even nominally simple diseases appear to rapidly develop complexities beyond our current grasp. In the absence of such complete knowledge, current endeavors in molecular medicine are guided by Occam's razor, or the idea that the simplest therapy for the animal model is likely to be effective in treating human disease. This approach is very much in the engineering tradition of fixing what the available tools permit and evaluating alternatives based on empirical rather than theoretical considerations. While this is a reasonable approach, the complexities of many diseases make success uncertain, inconsistent, or dependent on special circumstances.
Surprising successes
As heart failure is a disease that can result from numerous initial causes, and because alterations in many proteins contribute to defective heart function, this disease would on the surface seem to be an unlikely candidate for successful molecular therapy. However, some delightful recent results appeared to defy concerns and deftly overcome the complexity of the disease. In 1999, Minamisawa et al. discovered that a mouse model of heart failure (1) caused by genetic ablation of muscle LIM protein (MLP -/-), a structural protein involved in muscle development, could be completely repaired by knocking out another protein, phospholamban (PLN), a regulator of the cardiac sarcoplasmic reticulum Ca 2+ ATPase (SERCA2a) (2). Another study found that this same model of heart failure could be significantly repaired by reducing the efficacy of a third protein, the β-adrenergic receptor kinase-1 (βARK1), by expressing a dominant negative, truncated version of this protein, βARKct (3, 4) . Similarly encouraging results were found in studies that used gene transfer to overexpress SERCA2a. Because PLN knockout removes the tonic inhibition of SERCA2a by the nonphosphorylated form of PLN, this approach is thought to produce functional effects nearly identical to those of PLN ablation. Overexpression of SERCA2a was shown to improve myocardial performance in the senescent heart (5), to prevent heart failure due to aortic banding (6) , and to improve the contractile performance of human heart cells taken from the explanted hearts of patients with heart failure (7).
Mechanistically, it is not obvious why the problems caused by breaking one thing (e.g., MLP -/-) can be functionally repaired or prevented by either breaking something else. It is not clear how PLN ablation, overexpression of SERCA2a, or production of a defective protein (βARKct) reverses the deleterious effects of MLP ablation or other model heart failures. Yet these attempts at molecular rescue of experimental heart failure produced seemingly unambiguous results. One possible explanation for why these different strategies produced similar benefits is that each alters a key signaling pathway that is involved in the transition to heart failure no matter what the nature of the initial insult may be. However, these results also pointed to the complexity of the disease in the sense that changes in either β-adrenergic signaling or sarcoplasmic reticulum (SR) Ca 2+ regulation could alter the overall phenotype. Despite the difficulty in developing a comprehensive model accounting for all the data, these studies provided hope that a relatively simple solution could overcome the complexity inherent in heart failure. The fact that these genetic manipulations worked in mice suggested that, by Occam's razor, similar interventions might provide effective therapy for humans.
Two papers published in this issue of the JCI (8, 9) address the Occam's razor approach to heart failure, i.e., the extent to which relatively simple genetic manipulations can prevent or cure this disease. In contrast to earlier successes in which defective heart function was prevented or reversed, these studies provide a sobering reminder of heart failure's complexity. By examining both animal models and human disease, these papers indicate that the role of PLN in the pathogenesis of heart failure might be more complicated than previously thought. Song and colleagues (8) examined the ability of PLN ablation to rescue two mouse models of hypertrophic cardiomyopathy caused by either overexpression of Gαq (10) or expression of mutant myosin binding protein C (MyBP-C MUT ) (11) . At the cellular level, crossing these mice with PLN -/-mice appeared to rescue the heart failure phenotype in that contraction strength was increased and Ca 2+ signaling defects were reversed. However, the molecular therapy of PLN ablation did not reverse the hypertrophy or prevent cardiac dysfunction at the organ level. This outcome emphasizes that PLN ablation may improve cardiac contractile performance by increasing Ca 2+ cycling through the SR, but the deletion of this protein does not repair the initial defect that causes the pathology (overexpression of Gαq or mutated MyBP-C). Hence, there is residual pathology.
Failure of PLN ablation to restore function in mouse models

PLN ablation in humans may be a source of cardiac dysfunction
Studies on PLN -/-mice have indicated that these mice are super-healthy with improved cardiac function relative to control mice and no apparent deleterious effects (12) (13) (14) . Given the important role played by PLN in regulating cardiac Ca 2+ signaling, it seemed odd that such a protein could be removed without any ill effects. Perhaps the paper by Haghighi and colleagues (9) in this issue balances
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Figure 1
Complexity of signaling in heart failure. Following an insult (e.g., a myocardial infarction), there are many changes in cellular and molecular signals and structure that occur as a primary consequence of that disturbance. Each of the signals and structural changes generated by the sequelae of the insult has many targets, including some earlier in the cascade. These changes in signaling and structure continue to propagate through secondary and later pathways. It is thus possible for therapeutic benefit to arise from interrupting (or augmenting) one of the pathways in the cascade, but it is equally possible for that same change to produce deleterious effects. The left red arrow represents the initial insult. The right red arrow represents a therapeutic intervention The X indicates that the therapeutic intervention may be a functional knockout or an augmentation of the function. Given the complexity of the pathways, the upstream and downstream sense of signaling may not be clear.
that earlier surprise. These investigators examined cardiac function in two families carrying a point mutation in PLN (T116G) that produces a termination codon in place of Leu39. Individuals who are heterozygous for the mutation develop hypertrophy without reduced contractility while those who are homozygous develop dilated cardiomyopathy and heart failure and require early transplantation. Since no PLN protein is detected in the failing hearts, these authors interpret these results as indicating important differences between mice and humans in the effects of the PLN -/-genotype. It is possible, however, that the truncation mutation does not produce a true null and that a truncated protein, for example, is expressed with some consequences.
Overview and cautionary note
The two new papers discussed here (8, 9) challenge the conventional wisdom regarding potential molecular strategies for heart failure. Heart failure is clearly a clinical entity characterized largely by its complexity and presentation rather than by the instigating cause(s). Diverse triggers of heart failure (both sustained and transient), including hypertension, myocardial infarction, contractile filaments proteinopathies, viral myocardiopathies, and diabetes, lead to relatively consistent changes in heart cells. Commonly, the changes include decreased SERCA2a levels, hypophosphorylation of PLN (15) (19) , and prolonged action potentials (20) . The relatively common presentation of heart failure suggests that the initiating triggers may activate a common signaling pathway, and the success of molecular therapies aimed at increasing SR Ca 2+ content further suggests that this organelle may be a key player in this common signaling. The two reports featured in this issue (8, 9) should now catalyze a reexamination of simple rescue strategies. The reports show that PLN ablation does not rescue or prevent cardiac hypertrophy and failure in some rodent models and that PLN -/-per se can underlie serious cardiac dysfunction in humans. However, the animal models used by Song et al. (8) may also contain complexities that are not currently appreciated, and additional genetic factors in the families carrying the PLN null mutation may contribute to the phenotype observed by Haghighi et al. (9) . This work also reinforces the importance of continuing the examination of the central role of cellular Ca 2+ signaling in the heart failure phenotype. Finally, potential differences between transient and chronic application of PLN -/-or SERCA2a overexpression are worth pointing out. It is also possible that, despite the present findings, transient application of these genetic manipulations may become valuable as new inotropes, free of the complications of β-adrenergic receptor stimulation or protein kinase A activation.
